Natrinema soli sp. nov., a novel halophilic archaeon isolated from a hypersaline wetland 
The genus Natrinema was proposed by McGenity et al. [7] to accommodate Natrinema pellirubrum (formerly Halobacterium salinarum NCIMB 786 T ) and Natrinema pallidum (formerly Halobacterium halobium NCIMB 777 T ) and comprises seven species at the time of writing. The genus Haloterrigena was proposed by Ventosa et al. [8] to accommodate Haloterrigena turkmenica (formerly Halococcus turkmenicus VKM B-1734) and comprises nine species. Recently, the genus Natrinema was classified within the family Natrialbaceae, order Natrialbales, in the class Halobacteria [2] .
Strain T was isolated from Meighan wetland, which is located in north-eastern Arak, an industrial city in Iran. Meighan wetland is one of the most important hypersaline playas in Iran. Salinity reaches saturation during the dry season [9] . This wetland (34 11¢ 44 † N 49 50¢ 48 † E) is the largest source of sodium sulfate in the centre of the country, and it lies at an altitude of about 1700 m above sea level and covers an area of about 2.5Â10 4 ha where an arid-semiarid continental climate dominates [10] . In this study, we isolated an extremely halophilic archaeon from this habitat, strain T , which phylogenetically and phenotypically may represent a novel species of the genus Natrinema. The pH was adjusted to 7.3 and 2 % agar was used to solidify this medium [11] .
After 4 weeks of incubation colonies were picked up and purified by restreaking several times. Isolates were stored at À80 C in NOM with 20 % glycerol. Strain 5-3 T was isolated in pure culture from a soil sample of Meighan wetland after subculturing several times.
Genomic DNA was extracted and purified as described by Lam [12] for haloarchaea. The orthologous 16S rRNA gene sequences were determined as described previously [13] , and relevant sequences retrieved from the DNA Data Bank of Japan [14, 15] were aligned using the CLUSTAL X 2.1 software package [16] . Phylogenetic trees were reconstructed by the neighbour-joining (NJ) algorithm [17] and evaluated by bootstrap sampling, expressed as percentages of 1000 replicates [18] . Maximum-likelihood (ML) analysis and determination of support values were achieved with raxmlGUI ver 1.31 [19, 20] . Phylogenetic trees were also reconstructed with MEGA7 [21] using the maximum-parsimony (MP) algorithm [22] with 1000 randomly selected bootstrap replicates.
The orthologus 16S rRNA gene sequence of strain 5-3 T (1473 bp) was related most closely to that of Natrinema salaciae JCM 17869 T (GenBank accession number AB935413, 1474 bp), with 97.3 % similarity, followed by the type strains of members of the genera Natrinema and Haloterrigena, with similarities of 96.6-95.9 and 96.1-95.1 %, respectively. 16S rRNA gene sequence similarity between strain 5-3
T and the most closely related species indicated that this strain can be proposed as representing a novel species [23] , and comparisons also indicated that strain 5-3 T has one type of 16S rRNA gene sequence. The phylogenetic position of the new isolate was determined in trees generated using the NJ (Fig. 1a) , ML (Fig. S1 , available in the online Supplementary Material) and MP (Fig. S2) algorithms. The results suggested that the strain represents a novel species, constituting a separate branch most closely related to Natrinema salaciae JCM 17869 T . However, as previously reported, the species of the genera Natrinema and Haloterrigena do not form monophyletic groups [6] .
Determination of the DNA-dependent RNA polymerase B¢ gene sequence (rpoB¢) and its analysis were performed according to Minegishi et al. [6] . The rpoB¢ gene of strain T was sequenced and found to be 1830 bp in length. Based on the alignment of rpoB¢ gene sequences, strain 5-3 T showed 92 % similarity to Natrinema salaciae JCM 17869 T , followed by the type strains of members of the genera Natrinema and Haloterrigena, with similarities of 92-93 and 88-93 %, respectively. The rpoB¢ gene sequence similarity confirmed that strain T represents a novel species [6] . In the reconstructed phylogenetic tree based on rpoB¢ gene sequences, strain T clustered closely with members of the genus Natrinema and formed a monophyletic group in the family Natrialbaceae (Fig. 1b) .
The DNA G+C content of the total DNA of strain T , determined by HPLC as described by Mesbah et al. [24] , was 61.5 mol%. This value is slightly lower than the range reported for the genus Natrinema, 62.9-65.6 mol% [7, [25] [26] [27] [28] [29] , suggesting that strain T may belong to the genus Natrinema.
All phenotypic tests were performed according to the proposed minimal standards for description of new taxa in the class Halobacteria [30] . Natrinema salaciae MDB25 T and Natrinema ejinorense JCM 13890
T were used as reference strains in all tests. Cell morphology and motility were determined by phase contrast microscopy with cultures at the exponential growth phase. Gram staining was performed according to Dussault [31] . To determine the salt requirements, the strains were cultured in NOM with different NaCl concentrations C by using 50 mM MES, HEPES or CHES buffers. Catalase, oxidase and DNAse activity and nitrate reduction were examined according to Smibert and Krieg [32] . Hydrolysis of starch, aesculin, casein and gelatin were tested as described by Zhu [33] . Esterase activity was examined as outlined by Guti errez and Gonz alez [34] . Lysine decarboxylase, ornithine decarboxylase and arginine dihydrolase tests were performed as recommended by Oren et al. [30] . Production of acid from carbohydrates was determined as described previously [30] . Utilization of single carbon sources was examined in NOM with 0.01 % yeast extract and the carbon sources (2.0 g l À1 ) (without Casamino acids and sodium pyruvate) [35] . Susceptibility to antibiotics was determined on NOM agar plates using antibiotic discs. Anaerobic growth was examined by using filled and stoppered tubes containing liquid medium supplemented with KNO 3 , L-arginine, DMSO, Na 2 S 2 O 3 and Na 2 SO 4 (each at 5.0 g l À1 ) [25] . Production of H 2 S was tested by growing the strain in NOM liquid medium supplemented with 0.5 % (w/v) Na 2 S 2 O 3 [30] . Tryptone water medium was used for detection of indole production [36] .
The optimum growth temperature for strain T was 40 C and growth was observed from 25 to 45 C. The optimum pH for growth was 7.0 and growth was observed between pH 6.0 and 8. T were Gram-stain-negative, aerobic, nonmotile and ovoid (Fig. S3) . The organism was catalase-positive and oxidase-negative. Colonies of strain 5-3
T were cream-coloured while those of Natrinema salaciae MDB25 T and Natrinema ejinorense JCM 13890
T were red-pigmented, as described by Albuquerque et al. [25] and Castillo et al. [26] , respectively.
Nitrate reduction, hydrolysis of starch, casein and gelatin, and DNase activity were negative for strain T while hydrolysis of Tweens 20, 40 and 80 and aesculin was positive. No acid was produced by strain 5-3
T from the Cell biomass for polar lipid analyses was obtained by cultivation in NOM broth at 150 r.p.m. and 40 C. Cells were harvested in the mid-exponential growth phase. Polar lipids were extracted from freeze-dried cells by using a chloroform/methanol system. They were separated by TLC using silica gel 60 F 254 aluminium-backed thin-layer plates (Merck) [37] . Twodimensional chromatography was performed by using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension and chloroform/glacial acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.) in the second dimension and the second solvent system was also used for one-dimensional TLC.
Total lipid material and specific functional groups were detected using molybdenum blue (for phospholipids) and anaphthol-sulphuric acid (for glycolipids) [38] . The polar lipids of strain T consisted of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, two unknown phospholipids and three glycolipids (one that was chromatographically identical to S 2 -DGD (mannose-2,6-dissulfate (1fi2)-glucose glycerol diether) (Fig. S4) . The polar lipid pattern of strain T was similar to that of the type species of the genus Natrinema, Natrinema pellirubrum CIP 106293 T [7] , except for the number of minor unknown phospholipids and also phosphatidylglycerolsulfate was not found in strain 5-3 T . Respiratory lipoquinones were determined as previously reported by Wainø et al. [39] . Menaquinone MK-8 was the major respiratory lipoquinone present, which was similar to the respiratory quinone of Natrinema salaciae JCM 17869 T [25] , and that of Natrinema pellirubrum CIP 106293
T [7] .
The phenotypic, chemotaxonomic and phylogenetic properties suggested that strain 5-3 T represents a novel species in the genus Natrinema, within the family Natrialbaceae, for which the name Natrinema soli sp. nov. is proposed. 
Utilization of:
Acid production from: 
